Objective. To determine whether the report of pain is influenced by meteorological conditions.
Introduction
Patients with rheumatic disease-associated chronic pain frequently believe that their symptoms are related to weather conditions. An Internet survey of 2596 people with FM, which has chronic widespread pain (CWP) as its cardinal feature, asked about the factors that made their symptoms worse. The weather was the second most common response, indicated by 80% of respondents [1] , whereas in an early study by Yunus et al. [2] of 50 patients with this condition, 92% of the patients considered that their symptoms were made worse by cold or humid weather and 80% of the patients considered that symptoms were improved by warm, dry weather. Strusberg et al. [3] , in a study of 151 outpatients in Argentina with RA, OA or FM, found high pain correlated with low temperature in each of the three conditions and also with high atmospheric pressure (RA and FM) and high humidity (RA and OA) [3] . The influence of weather on health is embedded in common language such as 'feeling under the weather' or seasonal winds referred to as 'ill winds'. Importantly, older patients with rheumatic disease-associated chronic pain, often consider and seek advice from their doctor about moving to warmer and drier climates in the belief that their symptoms will improve.
There are a number of potential factors that could mediate any observed relationship between the weather and reporting of pain. These include low mood, poor sleep quality and lack of exercise. Each of these has been related, prospectively, to the onset of chronic pain and each of these could reasonably be associated with the weather [4] [5] [6] .
Despite the common lay belief that the weather is important in terms of symptom course, there have been no population-based epidemiological studies that have examined this hypothesis. We therefore took the opportunity of such a study of pain being conducted in North West England to determine whether the likelihood of reporting pain was influenced by the weather conditions at the time of symptom report.
Methods
The Epidemiology of Functional Disorders (EpiFunD) study is a prospective population-based study conducted in one area of North West England to study the aetiology of chronic pain. The study methods have been described in detail previously [7] . However, in brief, subjects aged 25-65 years were recruited through three general practices in South Manchester and North Cheshire. In the UK, almost all persons are registered with a general practitioner, from whom they would seek medical care in the first instance. This register of patients therefore provides a suitable population-sampling frame. Subjects were mailed a self-complete questionnaire, and for those who gave permission to be contacted again, they were then followed up 1 and 4 years later. It is the 4-year follow-up that is the subject of the current analysis. At this time, participants were sent a questionnaire to self-complete: those who did not reply were sent a postcard reminder (after 2 weeks) and, if required, a further copy of the full questionnaire (after 4 weeks). The 4-year follow-up survey was completed between January 2005 and December 2006. Ethical approval for the EpiFunD study was obtained from Cheshire Research Ethics Committee.
As part of the questionnaire, subjects were asked to record the date of completion; the categorization of season of completion was as follows: DecemberFebruary (winter), March-May (spring), June-August (summer) and September-November (autumn).
Pain
The questionnaire asked 'Have you experienced pain during the past month which has lasted at least one day?'. If subjects answered positively, then they were asked (i) to shade four-view body manikins to indicate the site(s) of pain and (ii) whether the pain had lasted for >3 months. Respondents satisfying the ACR definition of CWP, as used in the criteria for FM, were identified (i.e. pain in contralateral body quadrants and in the axial skeleton, which had lasted at least 3 months) [8] . Finally, all subjects were asked if they had pain on the day of completing the questionnaire.
Weather
The questionnaire asked for the date on which the subject completed the questionnaire. Weather data for this day were then obtained from the National Environment Research Council's British Atmospheric Data Centre http://badc.nerc.ac.uk/home/index.html. The Meteorological Office Integrated Data Archive System contains surface climate observations from Principal Climatological Stations (PCSs), which cover the UK and are spaced $30 km apart. They are manned or automatic stations and record climatic conditions on an hourly basis. We identified a PCS located centrally within the study area. This then allowed us to determine for the day of completion of a study questionnaire: the number of hours of sunshine, the amount of precipitation, the average air temperature and average pressure at sea level. Data on sunshine, temperature and precipitation were not available for 6, 4 and 5 days, respectively during the study period. Variables were analysed as quantiles (but with sunshine and precipitation having zero categories).
Mediating factors
Sleep quality was collected by means of the Sleep Problem Scale [9] . This is a four-item scale that measures, over the previous month, difficulty getting to sleep, staying asleep, frequency of wakening and how refreshed one feels on wakening. Each item is scored from 0 to 4 with higher scores indicating greater sleep problems. Exercise was measured using the following question: 'During the past month, on average, on how many days per week have you taken exercise that has lasted at least 20 minutes?'. The answers were every day, 4-6 days, 2-3 days, 1 day and no days. There was no specific measure of mood in the EpiFunD 4-year follow-up survey. However, we did have available information on the Boredom Proneness Scale [10] . This scale consists of 28 items marked as true or false, each of which identifies a propensity to be unstimulated by activities or events (e.g. 'I often find myself with nothing to do, time on my hands'). High scores on this scale have been shown to be associated with higher levels of anxiety, depression and somatization [11] , and measures of workplace monotony have been strongly associated with the report of pain, including widespread body pain [12, 13] . Some subjects did not complete all the items and in such cases where an item was left blank, we assumed that it was false: 84% of respondents completed all items, whereas a further 11% of subjects had at most two missing items.
Statistical analysis
Analysis was done by Cox regression, taking into account clustering of subjects within practices, and the associations between weather variables and pain are described as prevalence ratios (PRs) with 95% CIs. The pain status considered was (i) whether the respondent had any pain on the day of completion (pain today group) and (ii) whether they had pain on the day of completion and satisfied the ACR definition of CWP (CWP group). The association between potential mediating factors and weather parameters was assessed by Mann-Whitney test, analysis of variance (ANOVA) or Spearman rank correlations, depending on the type of variables involved.
Results
Of 3950 subjects identified, 11 had died and 501 were found to have moved, leaving 3438 available to participate. Of these subjects, 2761 (80.3%) returned the questionnaire: response was highest in summer (83.4%) followed by spring (81.4%), autumn (78.4%) and winter (76.7%). The median response time was 10 days from the day of posting out the questionnaire and 95% of those who responded did so within 6 weeks. A total of 2491 questionnaires were available for the current analysis after removing persons who did not provide sufficient information to participate (i.e. missing data for date of completion, pain status or mediating factors). This represented a participation rate in this analysis of 72%.
Of the study respondents, 1035 (41.5%) subjects reported 'pain today', whereas 381 had 'CWP' (15.3%); 1020 (41.1%) were male; and subjects had a median age of 54 years [inter-quartile range (IQR) 45-61 years; Table 1 ]. The most common seasons for subjects to receive and complete their questionnaires were summer (n = 769) and spring (n = 706), with less being completed in winter (n = 549) and autumn (n = 467). Questionnaires were completed on a total of 351 days.
The median number of hours of sunshine per day across the study period was 2.7 h (IQR 0.3-6.0 h), rainfall was 0.03 mm (IQR 0-0.23 mm), whereas the median average daily sea-level pressure and air temperature were 1015.9 mmHg (IQR 1008.5-1022.7 mmHg) and 12.2 C (IQR 6.1-16.5 C), respectively. There were marked differences in the prevalence of both 'pain today' and CWP according to the season of completion of the questionnaire (Table 2 ). For both phenotypes, PR was highest in winter (46.1 and 22.2%, respectively) followed by autumn (45.4 and 17.9%, respectively), spring (41.9 and 14.7%, respectively) and lowest in summer (35.6 and 9.5%, respectively). The decreased reporting of pain in summer (compared with winter) was both of large magnitude and statistically significant (pain today: PR = 0.77, 95% CI 0.69, 0.86 and CWP: PR = 0.43, 95% CI 0.32, 0.56). Pain reporting was slightly higher on days when there was rainfall, although the effect was small and not statistically significant. Pain reporting was higher on days with the lowest average pressure, but the relationship with pressure was inconsistent and there was no evidence of any trend in the relationship. The strongest relationship with pain reporting was with hours of sunshine and daily average temperature. Persons who completed the study questionnaire on days with at least 5.8 h of sunshine were significantly less likely to report 'pain today' (PR = 0.87, 95% CI 0.82, 0.93) or CWP (PR = 0.56, 95% CI 0.38, 0.84) compared with those who completed the questionnaire on days with no sunshine. Similarly, those completing the study questionnaire on days with average temperatures of at least 17.5 C were significantly less likely to report 'pain today' (PR = 0.74, 95% CI 0.66, 0.83) or CWP (PR = 0.40, 95% CI 0.34, 0.48) compared with those who completed the questionnaire on days with an average temperature of <5 C. We considered whether exercise frequency, sleep problems and boredom could mediate the observed relationships (Table 3 ). The reporting of 'pain today' or CWP was strongly related to sleep problems, such that those with the highest levels of sleep problems were over six times more likely to report CWP (PR = 6.7, 95% CI 5.6, 8.0). The report of 'pain today' and CWP was also more likely among persons reporting no exercise ('pain today': PR = 1.3, 95% CI 1.1, 1.4; CWP: PR = 1.7, 95% CI 1.1, 2.9) and those with the highest levels of monotony ('pain today': PR = 1.7, 95% CI 1.6, 1.8; CWP: PR = 3.9, 95% CI 3.1, 4.9). Those who completed the study questionnaire on days with high sunshine hours and a high average temperature were significantly more likely to report higher levels of exercise, fewer sleep problems and lower levels of boredom. The number of sunshine hours on the day of completing the questionnaire also correlated positively with the age of respondents (Table 4) . The analysis of the relationship between sunshine, temperature and pain reporting was therefore adjusted for reported exercise frequency, sleep problems and levels of reported monotony with a further analysis also adjusting for age. After adjustment for these factors, relationships were attenuated. For 'pain today' and CWP significant relationships remained, with a lower likelihood of reporting on high-temperature days (517.5 C; PR = 0.86, 95% CI 0.77, 0.97 and PR = 0.57, 95% CI 0.48, 0.69, respectively) and a significant trend of higher temperatures being associated with lower likelihood of reporting CWP (Table 5) .
Finally, separating out the effect of sunshine hours or temperature from season, we knew, a priori, would be problematic because of the strong association of season with temperature and sunshine. However, we conducted a sub-analysis focusing only on spring and autumn (seasons with generally greater variability in sunshine and temperature) to determine whether, within each of these seasons, there was still an association between high sunshine hours, high temperature and reduced reporting of pain. All PRs were adjusted for exercise, sleep score, monotony score, age and taking into account aggregation within General Practice. In spring, high sunshine hours (55.8 vs 0 h) and temperature (517.5 vs <5 C) were associated with a reduced risk of CWP (PR = 0.60, 95% CI 0.33, 1.09 and PR = 0.23, 95% CI 0.20, 0.28, respectively), whereas only temperature was related to 'pain today' (PR = 0.95, 95% CI 0.70, 1.28 and PR = 0.87, 95% CI 0.76, 0.95, respectively). In autumn, there were no significant relationships between high sunshine hours, high temperature and CWP (PR = 1.03, 95% CI 0.87, 1.23 and PR = 1.38, 95% CI 0.70, 2.74, respectively), but there were relationships between these factors and 'pain today' (PR = 0.86, 95% CI 0.84, 0.88 and PR = 0.60, 95% CI 0.53, 0.68, respectively).
Discussion
This first population-based epidemiological study examining the relationship between weather and pain has provided evidence that the report of any pain and CWP is related to weather conditions. Participants who completed the questionnaire on days when the temperature and hours of sunshine were highest were significantly less likely to report any pain and were approximately half as likely to report pain that was chronic and widespread. Adjustment for potentially confounding variables suggests the mechanism for such an association is, at least in part, that high levels of sunshine and high temperature are associated with lifestyle factors known to be associated with good musculoskeletal health (more frequent exercise, higher quality sleep, lower levels of reported monotony) [6] .
There are a number of methodological issues to be considered in this study. First, measurement of exposure: we had high-quality local meteorological data for the locality in which the study was conducted, but we do not know to what extent the respondents were actually 'exposed' to the prevailing weather conditions outdoors. Secondly, in terms of symptom reporting, we do not know at what time of day the questionnaire was completed-it may have been completed early in the day and thus there would have been lower exposure to the day's weather conditions. Thirdly, although the weather variables and the report of 'pain today' were made on the day of completion of the questionnaire, the report of lifestyle variables and CWP was related to a longer period. All these factors, Sunshine P = 0.308* R = 0.06, P = 0.002 R = 0.08, P < 0.001 R = À0.08, P < 0.001 R = À0.09, P < 0.001 Pressure P = 0.290* R = 0.04, P = 0.035 R = 0.02, P = 0.452 R = 0.01, P = 0.700 R = À0.01, P = 0.701 Temperature P = 0.921* R = À0.02, P = 0.316 R = 0.11, P < 0.001 R = À0.09, P < 0.001 R = À0.12, P < 0.001 Rain P = 0.984* R = À0.03, P = 0.182 R = À0.01, P = 0.786 R = À0.01, P = 0.801 R = 0.02, P = 0. .2) 24.3 11.6 (5.6) 9.0 (5.2) P < 0.001*** P < 0.001** P < 0.001*** P < 0.001*** *P-values by Mann-Whitney test; **P-values by chi-square test; ***P-values by ANOVA test. R: Spearman correlation.
www.rheumatology.oxfordjournals.org however, would have made it more difficult to find an association with weather, if such an association existed, and therefore they cannot explain the observation as artefactual. Fourthly, in terms of explanatory (confounding) variables available, the measures used were relatively simple, and there was one important variable for which we had no information, i.e. mood. Mood has consistently been associated with the report of chronic pain, and it is very likely that mood would have been related to season based on previous observations [14] . We did have information available on monotony, which demonstrated an association with the reporting of pain. We hypothesize based on the results we obtained, however, that further adjustment for mood would have been likely to attenuate further the relationship between temperature, sunshine and pain report. Finally, the prevalence of pain (specifically CWP) reported in this study is higher than that reported in previous studies, including our own. We have used the same survey methods and instruments in this study: the higher prevalence is likely related to including areas of low socio-economic status and that the prevalence in these areas is partly explained by high levels of psychological distress [15] . Although we have demonstrated sizeable and significant associations, we cannot disentangle the individual variable (if indeed there is one variable) that is principally associated with symptom report. There is a high correlation between hours of sunshine and temperature. Pain symptom report was least common in summer months when temperature was highest and hours of sunshine longest. Trying to distinguish this strong seasonal effect from an effect of daily temperature and sunshine is problematic given that these variables are strongly related. A seasonal effect could suggest a role of vitamin D [16] , low levels of which in some (but not all studies) have been shown to be related to the report of pain [17] . In contrast, an effect driven by the weather on an individual day could suggest a greater influence of mood variables. Our sub-analysis did provide some evidence that there was an effect of temperature and sunshine hours in spring and autumn, although the results were not conclusive. A much larger study would be required to distinguish these effects.
How generalizable are the results? The question of interest to patients most often is not how the weather might affect their symptoms on a day-to-day basis, but rather whether moving from one area (or country) to another might result in an improvement in symptoms. Conducting studies across diverse areas or countries is problematic because many potential (confounding) factors may differ between areas in addition to the climate. Differences in language also complicate the reporting of pain. It is likely therefore that studies such as this, conducted in one area, but examining the effects of variability in the weather, are likely to provide the best evidence on the possible effects on musculoskeletal health. However, this study, conducted in the UK, is not able to examine the effects of extremes of weather.
Previous studies on the topic of weather and pain have provided little consistency of results. The heterogeneity of results reflects the fact that many of the studies are small, some are based on measuring pain and the weather, and others are based on patient perception of whether the weather affects, or is a cause of their, symptoms. Shutty et al. [18] developed the Weather and Pain Questionnaire consisting of the Weather Sensitivity Index and the Symptom Complaint Checklist. Seventy patients receiving treatment for chronic pain at a large university hospital in the USA reported how many of their symptoms were affected by the weather. The percentage reporting an influence of the weather ranged from 52% for sunshine and thunderstorms to 87% for temperature (hot or cold). Other studies have used an ecological approach to determine differences in chronic pain report by patients in different geographical locations: Jamison et al. [19] studied 558 chronic pain patients in four US cities (San Diego, Nashville, Worcester and Boston) and found that although there was a perception among patients of the effect of weather on pain, there was no difference in pain-related variables between the participating centres.
McAlindon et al. [20] reported on a prospective follow-up of 200 patients, from across the USA, recruited online to a trial of glucosamine for the management of knee OA [20] . As in the current study, they related patient report of pain to meteorological data obtained for their locality. They reported independent relationships between pressure change, ambient temperature and pain severity but did not examine the effect of sunshine hours in their study. In summary, this study has provided the first population-based epidemiological evidence that the weather does influence the report of pain. Although one needs to be cautious basing conclusions on a single study, particularly one not designed specifically to answer this question, and therefore with methodological issues to consider, the data suggest that the relationship is not direct and causal. The relationship may be, at least in part, mediated through lifestyle factors associated with cooler and duller days (less exercise, poorer sleep, higher reported boredom). Extrapolating more generally to patients with rheumatic disease-type pain, worsening symptoms may not be an inevitable consequence of living in cooler and duller climates. Such data provide useful evidence for physicians to discuss with patients concerned about how the weather influences their pain.
Rheumatology key messages
. Patients often believe that weather influences their pain symptoms. . This study shows they are less likely to report pain on warm and sunny days. . The effect of weather is partly explained by changes in mood and behaviour.
